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(54) ELECTROMAGNETIC COOKING PAN 

(57)Abstract: 

PURPOSE: To increase the heating value, and to improve the heating efficiency by 
using titanium or titanium alloy as the metal material forming the inner surface layer of a 
pan, and furthermore, using magnetic metal material as the metal material forming the 
outer surface layer of the pan. 

CONSTITUTION: A pan main body 1 0 is formed into the double-layer structure of 
clad, and the pan inner surface layer 1 is made of titanium or titanium alloy, and the pan 
outer surface layer 2 is made of magnetic metal material such as magnetic stainless steel. 
The surface of the inner surface layer 1 is formed with a film 3 such as titanium oxide 
film or titanium nitride film at need. Since this titanium oxide film does not need the film 
coating or the special heating, the pan main body 10 can be manufactured by 
superplastic processing or hoot forging. This titanium or titanium alloy has the 
performance for appropriately relaxing the heat conduction to the food, and furthermore, 
since it has a small heat conductivity and a small density, it is appropriate for the 
material forming the inner surface layer. Furthermore, titanium and titanium alloy is a 
heater, which receives the induction heating work by the high frequency current and 
which heats efficiently, it is excellent for the metal material forming the outer surface 
layer 2. 
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ABSTRACT: 

PURPOSE: To Increase the heating value, and to improve the heating 
efficiency by using titanium or titanium alloy as the metal material forming 
the inner surface layer of a pan, and furthermore, using magnetic metal 
material as the metal material forming the outer surface layer of the pan. 

CONSTITUTION: A pan main body 1 0 is formed into the double-layer structure 
of clad, and the pan inner surface layer 1 is made of titanium or titanium 
alloy, and the pan outer surface layer 2 is made of magnetic metal material 
such as magnetic stainless steel. The surface of the inner surface layer 1 is 
formed with a film 3 such as titanium oxide film or titanium nitride film at 
need. Since this titanium oxide film does not need the film coating or the 
special heating, the pan main body 10 can be manufactured by superplastic 
processing or hoot forging. This titanium or titanium alloy has the 
performance for appropriately relaxing the heat conduction to the food, and 
furthermore, since it has a small heat conductivity and a small density, it is 
appropriate for the material forming the inner surface layer. Furthermore, 
titanium and titanium alloy is a heater, which receives the induction heating 
work by the high frequency current and which heats efficiently, it is excellent 
for the metal material forming the outer surface layer 2. 
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The pan applicable to electromagnetic cooking appliance consists of an inner 
layer (1) and an outer layer (2). The inner layer is usually made up of 
titanium alloy. Sandwiched between the inner and outer layers is the interface 
layer usually made up of Cu-Ni alloy. 

There is also a skin layer (3) which covers the inner layer and is made up of 
titanium oxide or titanium nitride. The main feature of the pan is that the 
external layer is made of magnetic metallic material like magnetic stainless 
steel. 

ADVANTAGE - Improves heat conduction and efficiency. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A pan for induction heating cookers characterized by for a metallic material which constitutes pan tapetum being 
titanium or a titanium alloy in a pan made from a clad for induction heating cookers, and a metallic material which constitutes a 
pan external layer being a magnetic metallic material, fy 
[Claim 2] A pan for induction heating cookers characterized by for a metallic material which constitutes pan tapeturr||>eing 
titanium or a titanium alloy in a pan made from a clad for induction heating cookers, and a metallic material which coristitutes a 
pan external layer being magnetic stainless steel. 1 1 

[Claim 3] A pan for induction heating cookers according to claim 1 or 2 characterized by setting thickness of a metallic material 
of a pan external layer to 0. 1 -3 .0mm. -\ 
[Claim 4] A pan for induction heating cookers according to claim 1 or 2 characterized by setting thickness of a metallic material 
of pan tapetum to 0. 1 -3.0mm. 

[Claim 5] A pan for induction heating cookers given in claim 1 characterized by setting sum total thickness of a pan to 1 .0-4.0mm 
thru/or any 1 term of 4. 

[Claim 6] A pan for induction heating cookers given in claim 1 characterized by having an interlayer who eases heat conduction 
between pan tapetum and a pan external layer thru/or any 1 term of 5 . 

[Claim 7] A pan for induction heating cookers given in claim 1 characterized by having an interlayer who has thermal 

conductivity in the range of 1 - 50 W/m-K between pan tapetum and a pan external layer thru/or any 1 term of 6. 

[Claim 8] A pan for induction heating cookers according to claim 7 characterized by an interlayer being duplex stainless steel. 

[Claim 9] A pan for induction heating cookers according to claim 7 characterized by an interlayer being a copper-nickel alloy. 

[Claim 10] A pan for induction heating cookers given in claim 1 characterized by covering the surface of pan tapetum with at 

least one or more kinds of coats of a titanic- acid-ized coat or a titanium nitride film thru/or any 1 term of 9. 

[Claim 1 1] A pan for induction heating cookers given in claim 1 characterized by covering the surface of pan tapetum with a 4 

fluoridation resin layer thru/or any 1 term of 10. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the pan used for an induction heating cooker. 
[0002] 

[Description of the Prior Art] The exoergic principle by the induction heating cooker passes an eddy current in the pan which the 
induction coil arranged under the plate of an induction heating cooker was made to generate a sink and an alternating current 
magnetic field, and was carried on the plate in the high frequency current at it. This eddy current changes to the Joule's heat 
according to the proper electric resistance of the main part of a pan, and makes the main part of a pan generate heat. For this 
reason, since it is what cooking of various foods, such as cooking rice, stir-fried dishes, deep-fried dishes, and simmered dishes, is 
possible, and does not take out flame with an induction heating cooker, it is safe and clean. Moreover, since it is the thing which 
makes a pan generate heat directly, thermal efficiency is high and is spreading quickly reflecting the social situation and the 
convenience of energy saving of these days. 

[0003] As such a pan for induction heating cookers, since electric resistance is low in the thing of non-magnetic material, such as 
aluminum and copper, and calorific value is small, as shown in iron and JP,2-27518,Y, generally the pan made from a clad used 
as stainless steel is widely used [ material / aluminum and / pan external surface side ] in the pan inside side material. Here, in this 
specification, when calling it the pan made from a clad, the pan which has a material layer more than two-layer [ by which the 
material which constitutes the main part of a pan was compound-ized with two or more sorts of dissimilar metal materials ] shall 
be said. Moreover, about the structure more than two-layer, if it is compound-ized even if not joined, it will not interfere at all. It 
is limited also neither about the cementation method nor especially the compound method. Moreover, when describing the 
component of the pan made from a clad below, the material name which constitutes the pan tapetum first is described, and it 
expresses with the form subsequently to an interlayer's material name and the last connected with the slash mark to the condition 
of the material name of a pan external layer, respectively. In it, the upper example expresses aliiminum/stainless steel, and shows 
that it is a two-layer composite-material layer. 

[0004] In the pan for the conventional induction heating cookers, in an iron pan, since the thermolysis from the side is large, the 
range of the dish which can do moderate cooking is restricted very much, and also there is a defect that weight becomes large. On 
the other hand, in the pan made from the clad of aluminum/stainless steel, although it becomes light compared with iron at the 
point of weight, it is confirmed that it is inferior in calorific value and exoergic effectiveness, and the range which can be cooked 
also has the trouble of being narrow. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, the pan for the conventional induction heating cookers does not serve as layout 
and manufacture which fully took into consideration the exoergic principle of an induction heating cooker, but has structure which 
cannot do moderate cooking. That is, in cooking by the induction heating cooker, it has the field which the pan itself generates 
heat quickly by electromagnetic induction directly unlike things, such as the conventional gas fire and a sheath heater, a defect, 
such as being generated with [ of foods ] Covili, appears [ since it is told to foods, without heat easing, flavor is spoiled depending 
on the class of cooking, or ] vividly, therefore is not suitable for cooking of a large range. Especially, in the pan made from a clad, 
selection of the component and its board thickness was difficult, and was performed by trial and error until now in many cases. 
[0006] In view of such the present condition and the conventional trouble, based on magnetic field analysis, this invention persons 
calculated calorific value based on the magnetic-flux distribution and eddy current distribution inside a pan, and came 
examination in piles about the optimal component and board thickness. Based on the matter which carried out knowledge by this 
examination result, calorific value of this invention is large, and its exoergic effectiveness is high, moreover it is excellent in 
heat-conduction emollience, and aims at offering the lightweight pan for induction heating cookers suitable for wide range 
cooking. 
[0007] 

[Means for Solving the Problem] In a pan made from a clad for induction heating cookers, this invention is considering as a pan 
for induction heating cookers characterized by for a metallic material which constitutes pan tapetum being titanium or a titanium 
alloy, and a metallic material which constitutes a pan external layer being a magnetic metallic material, and solves the 
above-mentioned technical problem. 

[0008] A desirable embodiment of this invention is a combination which uses a metallic material of pan tapetum as titanium or a 
titanium alloy, and uses a metallic material of a pan external layer as magnetic stainless steel. 
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[0009] About thickness of a pan, thickness of a metallic material of a pan external layer is set to 0. 1-3. 0mm. Moreover, thickness 
of a metallic material of pan tapetum is set to 0. 1 -3.0mm. In this case, sum total thickness of a pan is set to 1 .0-4.0mm. 
[0010] According to the still more desirable embodiment, an interlayer who eases heat conduction is prepared between pan 
tapetum and a pan external layer. As for a material which eases especially this heat conduction, duplex stainless steel or a 
copper-nickel alloy is suitable. 

[001 1] Moreover, the surface of pan tapetum is covered with a titanic- acid-ized coat, a titanium nitride film, or a 4 fluoridation 

resin layer. 

[0012] 

[Function] In the pan made from the clad for induction heating cookers, the heating element with which a pan external layer 
mainly generates heat in response to an electromagnetic-induction operation of an induction heating cooker is constituted, and the 
pan tapetum needs to ease heat transfer from the heating element moderately, and to tell foods. When what is considered by 
importance as that candidate material in the physical-properties value of density, thermal conductivity, a volume resistivity, and 
relative permeability is raised as a component of the pan made from this clad, it is as in a table 1 . 
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[0014] In the material of a table 1, since that whose relative permeability is 1 is unsuitable as an exoergic material of a pan 
external layer, Cu-10%nickel, nickel silver, Ti, Ti alloy, and the non-magnetic stainless steel of aluminum and SUS304, or 
SUS321 are removed. Moreover, since the volume resistivity is small also in a magnetic metallic material with larger relative 
permeability than 1, exoergic effectiveness is bad, and Fe is rust and a cone. Since density is large, as for 42-6 alloy and 42 alloys, 
weight becomes large. Therefore, as an exoergic material of a pan external layer, the magnetic stainless steel of SUS430 or 
SUS329J1 grade is suitable also in the magnetic metallic material. 

[001 5] Next, what has the engine performance which eases heat conduction as a material of the pan tapetum is required. 
Therefore, the very high aluminum of thermal conductivity and iron are not desirable. Therefore, as for the good thing which has 
smaller density, what has thermal conductivity low to some extent is better. From this point, titanium and a titanium alloy are most 
suitable as a material of the pan tapetum. 

[00 1 6] As thermal conductivity of the metallic material of the pan tapetum, 1 -50 W/m and K are suitable. In less than 1 W/m-K, 
thermal conductivity is bad, cooking takes time amount on the contrary, and there is a possibility of cooking effectiveness not only 
worsening, but spoiling flavor depending on cooking. Moreover, if thermal conductivity exceeds 50 W/m-K, the relaxation effect 
of heat to the pan external layer which it was quickly heated by electromagnetic induction and carried out the temperature up to 
high temperature will become small, and cooking of a large range will become dhTicult. 

[0017] Having set the board Atsunori enclosure of the pan tapetum and a pan external layer to 0. 1-3. Omm, respectively specifies 
from the field of heating effectiveness in consideration of the weight side from cooking workability, the cost side from acquisition 
and the manufacturability of a material, etc. Moreover, although having set the sum total board Atsunori enclosure of a pan to 
1 .0-4.0mm is also based on the above-mentioned request, it specifies mainly as a board Atsunori enclosure of a practical pan. 
[0018] The pan for the induction heating cookers of this invention is not limited to the thing made from the clad of two-layer 
structure. Even if it is the product made from a clad of three or more layers, it does not interfere at all. In this case, the material in 
which the interlayer between the pan tapetum and a pan external layer has the heat-conduction emollience of the pan tapetum 
selects a material conjointly. The magnetic stainless steel and the thermal conductivity of the pan external layer which manages an 
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exothermic effect approximate duplex stainless steel or a copper-nickel alloy, and the good result has been obtained so that it may 
see also at the result (a table 2, table 3) of an example. 

[001 9] Both the titanic-acid-ized coats, titanium nitride films, or 4 fluoridation resin layers that cover the surface of the pan 

tapetum are for improving with [ of foods ] Covili, and especially a titanic-acid-ized coat and a titanium nitride film are firmer 

than a 4 fluoridation resin layer, and serve as long-awaited surface quality as a business-use pan especially. 

[0020] 

[Example] 

Example 1. drawin g 1 is the cross-section side elevation of the pan for induction heating cookers concerning the example 1 of this 
invention, expands a part and is shown. The main part of a pan of this example shown with the whole sign 10 consists of a 
product made from a clad of two-layer structure, and the pan tapetum 1 is used as a titanium alloy, and it uses the pan^external 
layer 2 for example, as magnetic stainless steel. Furthermore, the suitable coat 3 is given to the surface of the pan tapetum 1 if 
needed. In this example, it is a titanic-acid-ized coat and a titanium nitride film, and a titanic-acid-ized coat and a titamum nitride 
film are formed by heating at the time of the fabrication of the main part 10 of a pan, or cooking. Unlike a 4 fluoridatpi resin 
layer, a titanic-acid-ized coat and a titanic-acid-ized coat require neither coat coat processing nor special heat treatment. Such a 
main part 1 0 of a pan made from a clad can be made with superplasticity forming or hot forging. 1 1 

[0021] the inside of the candidate material which requires that the metallic material which constitutes the pan tapetumU is what 
has the engine performance which eases heat transfer to foods moderately as mentioned above, and is shown in a table 1 , and 
nickel silver - pure - except for aluminum and Fe, all materials are applicable. Especially, titanium and a titanium alloy can be 
said to the top where thermal conductivity is small as the most desirable material from density being small. 
[0022] Since the metallic material which constitutes the pan external layer 2 must be the heating element which generates heat 
efficiently in response to the induction-heating operation by the high frequency current of the induction heating cooker which is 
not illustrated, a magnetic metallic material with proper electric resistance high as much as possible is used for it. 
[0023] Generally, the penetration depth of an eddy current is delta=k (rho/muf) 1/2. It is expressed with (m). However, for the 
depth of penetration (m) of an eddy current, and rho, a volume resistivity (microomegam) and mu are [ delta / the frequency (Hz) 
of coil current and k of relative permeability and f ] constants. Therefore, a penetration depth becomes deep, so that this value of 
penetration depth delta of an eddy current which flows in a metal by electromagnetic induction is large depending on the ratio of 
the volume resistivity rho of that metal itself, and relative permeability mu, and rho/mu. When the value of rho/mu is very small, it 
is necessary to make quite thin thickness of the magnetic metallic material of a pan external layer from the field of heating 
effectiveness, and since the difference of thickness with the metal of the pan tapetum compound-ized in order to ease heat in 
addition to the problem from the manufacturing-cost side of a pan becomes large, heating tone nous gets worse. On the other 
hand, since an exoergic effectiveness side to board thickness becomes thick and pan weight increases when the value of rho/mu is 
large, cooking workability cooks bad, having single hand like especially a frying pan. Since it is such, as a material of the pan 
external layer 2, magnetic stainless steel is suitable also in the material of a table 1 . 

[0024] As an example of magnetic stainless steel, ** ferritic stainless steel (SUSs 430, 405, 410L, and 429 etc.), ** duplex 
stainless steel (SUS329J1,329J2L etc.), and ** martensitic stainless steel (SUSs 403 and 410, 420J1, etc.) are raised. 
[0025] A table 2 shows the relation of the component of a pan and calorific value which were obtained in magnetic field analysis. 
It combines and the example of a comparison is also shown. And although the pan was actually made as an experiment, the 
thermal efficiency of a prototype pan was measured in accordance with "the technical standards of an electrical part" of the Japan 
Electric Association convention based on magnetic field analysis data and it compared with the magnetic field analysis result in 
order to verify the validity of a magnetic field analysis result, both were hardly permitted a difference. About the pan, the model 
used in magnetic field analysis considered versatility, and made it the outer diameter of 220mm, and a height of 1 80mm. On the 
other hand, a coil shall refer a 5kW business-use induction heating cooker the shape of a doughnut with an outer diameter [ of 
260mm ], and a bore of 40mm to the copper wire of 5mm of wire sizes, and shall pass uniformly alternating current (45Armsx22 
turn) of 25kHz of drive frequencies to this. 
[0026] 
[A table 2] 
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[0027] Moreover, drawing 2 is the graph of the result of having investigated change of the calorific value by the board thickness 

of SUS430 of ******** made from a clad of Ti-6alurninum-4 V/SUS430 of sample No.l, and a pan external layer. 

[0028] Furthermore, a table 3 performs actually various cookings about a typical prototype pan, and adjusts the test result which 

compared the cooking engine performance of a pan. In fitness and ** mark, improper and x mark express [ O mark / best and O 

mark ] a failure a little among a table 3. 

[0029] 
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[0030] The value with high calorific value and exoergic effectiveness is shown about all of sample No. 1 to No. 1 1 of an example, 
and the calorific value near the output of an induction heating cooker is further obtained by optimization of the board thickness of 
a component by sample No. 1 so that the magnetic field analysis result of a table 2 may show. And pan weight is also light except 
sample No.4. In addition, the board thickness beyond necessity not only serves as weight increase of a pan, but is subtracted from 
the point of exoergic effectiveness. On the other hand, the point that the pan made from a clad of the aluminum/nickel silver and 
the aluminum/iron shown in the example of a comparison, and aluminum/stainless steel (sample No. 12-14) is inferior to calorific 
value and exoergic effectiveness generally, and pan weight becomes heavy especially in an iron simple substance pan is 
conspicuous. Although the Ti-6aluminum-4 V alloy simple substance pan of sample No. 16 is introduced to Nikkei material & 
technology 94.7 (No. 143, 44 pages), it is clear in the way of an example havmg become [ exoergic effectiveness ] higher and 
being a highly efficient pan for induction heating cookers. In addition, although pan weight has become the highest as for sample 
No.4, this is because the effect of the thickness of an interlayer's Cu-10%nickel is size, and it can be made lighter than an iron 
simple substance pan by reducing this thickness. 

[003 1 ] Moreover, sample No.4 become the pan made from a clad of four layers, and sample No.5 have become the pan made 
from a clad of three layers. Drawing 3 is the cross section showing the pan made from a clad of three layers, and 4 is an interlayer. 
The middle class's 4 Cu-10%nickel used with a table 2 and duplex stainless steel are working as materials which ease heat 
conduction with the titanium or the titanium alloy of the pan tapetum 1 . This is clear also from the thing of other two-layer 
structures, and the point which is equal in any way in calorific value and exoergic effectiveness. However, there are many fields 
where the combination of titanium / magnetic stainless steel, and a titanium alloy / magnetic stainless steel is more advantageous. 
[0032] Since ** thermal conductivity is 5 - 17 W/m-K, a Michiyoshi Shirabe ability range is large ** light weight as an 
advantage of the pan tapetum being titanium or a titanium alloy and ** titanic-acid-ized coat with sufficient operability and a 
titanium nitride film are formed, it is raised that it is few with [ of foods ] Covili etc. Moreover, since the penetration depth of ** 
eddy current which ** exoergic effectiveness goes up is shallow as an advantage of a pan external layer being magnetic stainless 
steel, it is possible to make thickness of a pan external layer thin, without dropping exoergic effectiveness, and it is raised that 
lightweight-ization can be performed, that ** rust is not generated, etc. 

[0033] According to drawing 2 , it turns out that calorific value changes with the thickness of a pan external layer. In the case of 
SUS430, when thickness is 0.3mm, the maximum calorific value is shown, and yet quite high calorific value is shown also in 
3.0mm. The lower limit of 0. 1mm of the thickness of the pan external layer in this invention is coming mainly from the 
manufacture limit of the pan made from a clad. 

[0034] This example of a Michiyoshi Shirabe ability range is far larger so that clearly also from the result of a table 3. This is 
because it has the function in which the pan tapetum eases heat conduction as already stated. Since the temperature rise at the time 
of Rika Shirabe heat becomes loose by the pyrosphere with the titanium or the titanium alloy of the pan tapetum especially, 
cooking of a large range is possible. Moreover, compared with the conventional pan for induction heating cookers, it is 
lightweight, and cooking workability is good and excellent also in heat retaining property. Furthermore, in the pan made from a 
clad of this example, since the metal of the pan tapetum is titanium or a titanium alloy, the titanic-acid-ized film or the titanium 
nitride film is formed in the surface, and it is one of the big features that a pan also has little Lycium chinense with Covili as for 
foods. 

[0035] The example 2. table 4 shows the calorific value at the time of changing the board thickness of internal and external 
layers, exoergic effectiveness, and weight based on magnetic field analysis data further about sample No. 1 of a table 1 . 



[0036] 
A table 4] 


TI-MI-4Y /SUS430 


JM&S (kW) 




IS (k _ ) 


0. 9mm/0. 1mm 


3. 5 


70 


0. 8 


2, Omm/1. 5mm 


4. 0 


80 


3. 5 


3. Omm/1. Omm 


3. 8 


76 


2. 7 



[0037] If the board thickness of a pan external layer becomes small so that it can guess also from the result of drawing 2 , calorific 
value will fall and exoergic effectiveness will also fall. The board thickness of the pan tapetum is seldom related to calorific value, 
and affects the heat-conduction relaxation engine performance chiefly. 
[0038] 

[Effect of the Invention] Since according to this invention the pan tapetum was used as titanium or a titanium alloy and the pan 
external layer was used as the magnetic metallic material in the pan made from a clad for induction heating cookers as explained 
above, the heat-conduction emollience over foods is good, it can do and it is [ cooking of an efficient and large range is 
lightweight and ] excellent in cooking workability. 

[0039] The above-mentioned effect can be further raised by using a pan external layer as magnetic stainless steel especially. 
[0040] Since pan inside layer thickness is related to heat-conduction emollience with regards to calorific value, the thickness of a 
pan external layer has acquired the above-mentioned effect by specifying such thickness in a predetermined range. 
[0041] The effect which eases heat conduction is acquired by using duplex stainless steel or a copper-nickel alloy for the 
interlayer between the pan tapetum and a pan external layer. 

[0042] Since the titanic-acid-ized coat and titanium nitride film which cover the surface of the pan tapetum are firmer than 4 
fluoridation resin, they demonstrate a great effect in the severe business-use pan of especially a service condition. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

1 Drawing T| It is the cross-section side elevation of the pan for induction heating cookers of this invention. | .. 

[ Drawing 2] It is the graph which shows the board thickness of a pan external layer, and the relation of calorific value! 
[Drawing 3] It is the cross section of the pan made from a clad of a three-tiered structure for induction heating cookers. 
[Description of Notations] 

1 The pan tapetum, 2 A pan external layer, 3 A coat, 4 An interlayer, 10 Main part of a pan. 
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